Carotid artery atherosclerosis (CAA) is one of the major high-risk mechanisms of stroke. Relationship between IMT, carotid plaque echogenicity and carotid stenosis assessed by ultrasound has not been systemically studied, especially in subjects with mild to moderate carotid stenosis. In this study we measured these 3 different ultrasound-derived quantitative traits concurrently in the community population of southern China and compared their associations. We found that IMTmean in the non-stenosis group (0%), <30% group and ≥30% group were 0.72 ± 0.11 mm, 0.85 ± 0.13 mm, 0.90 ± 0.17 mm respectively. IMT mean of the <30% group and ≥30% group were higher than that of 0% group (P < 0.01), ≥30% group was higher than <30% group (P < 0.01). IMT mean in the no-plaque group, hyperechoic group and hypoechoic group were 0.75 ± 0.13 mm, 0.87 ± 0.17 mm, 0.84 ± 0.15 mm respectively. IMT mean of the hyperechoic group and the hypoechoic group was higher than that of the no-plaque group (P < 0.01), IMT mean of the hypoechoic group was lower than that of the hyperechoic group, though with no statistic significance (P = 0.58). The proportion of hyperechoic or hypoechoic plaque in the <30% group was higher than that in the non-stenosis group (P < 0.01), as well as proportion of hypoechoic plaque in the ≥30% group was higher than that in the <30% group (P < 0.01). Our study indicated that there is definite correlation between stenosis severity, plaque echogenicity characteristics and IMT in evaluation the extent of CAA with ultrasound. The result suggests that the 3 different ultrasound-derived quantitative traits, are a progressing process, and this process increases the risk of stroke, thus medical treatment especially stabilizing the plaques is necessary.
Introduction
Stroke remains one of the most devastating neurological diseases, often causing death, or gross physical impairment [1] . Carotid artery atherosclerosis (CAA) is one of the major high-risk mechanisms of stroke [2] . At present, degree of stenosis and symptomatology are the main grounds to perform carotid endarterectomy (CEA). Pooled analysis of large randomized controlled trials showed that CEA is highly beneficial for symptomatic patients with high-grade (>70%) stenosis, reducing the 5-year absolute risk of ipsilateral ischemic stroke with 16% [3] . However, in patients with moderate (50% to 69%) carotid stenosis, the 5-year absolute risk reduction of ipsilateral stroke is only 4.6%, whereas CEA has no effect in symptomatic patients with mild (30% to 49%) carotid stenosis [3] . Studies of atherosclerosis encompass a broad range of phenotypes, including clinical events such as stroke or myocardial infarction, transient ischemic attacks or unstable coronary syndromes, and measurements derived from noninvasive assays with the use of lumenography, ultrasound, CT, or MRI. Noninvasive modalities can also measure different aspects of atherogenesis. For instance, ultrasound examination of the carotid arteries can provide determinations of intima-media thickness (IMT), echogenicity of carotid plaques, or severity of arterial stenosis. Although these phenotypes each assay "atherosclerosis", they represent different stages of atherogenesis, which is a complex multistep process that has many physical, biochemical, molecular, and genetic determinants [4] . However, the relationship between these phenotypes assessed by ultrasound has not been systemically studied, especially in subjects with mild to moderate carotid stenosis. In this study we compared the association between 3 different ultrasound-derived quantitative traits, namely, IMT, carotid plaque echogenicity and carotid stenosis, measured concurrently in the community population of southern China, which were the same group of individuals.
Methods

Study Cohort
Study participants were enrolled from community populations in Guangzhou, China. Participants were enrolled by the Department of Neurology, the First Affiliated Hospital of Sun Yat-sen University from July 2008 to December 2008. Those who are aged from 46 to 75 with Chinese ethnic were eligible for the study. Those who had malignant tumors, acute or sub-acute symptomatic cardiovascular diseases (the period between the recovery from the diseases and the study recruitment was less than six months), and other critical illnesses were excluded because a potential possibility to be lost to follow-up. Those who had cardiovascular diseases more than six months ago and totally recovered without any persistent symptoms, sequelae or disabilities were not excluded in the study. However, People who refused to complete necessary questionnaires were also excluded. Among 1025 residents who participated in our study, 962 residents completed all examinations and were included in the analysis. The study protocol was approved by the Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University in May 2008, and all participants agreed on the written informed consent of the study.
Ultrasound Measurements of Carotid IMT and Plaques
Carotid ultrasound measurements were performed with two B-mode ultrasound systems; APLIO XU equipped with a 7.5 MHz linear array transducer (Toshiba, USA) and HDI 5000 with a 5 -12 MHz linear array transducer (Philips, USA). Subjects were examined in supine position with their necks extended. Measurements were taken in the diastolic phase in a proper direction for best visualization of the arteries. IMT was measured as the distance between the two parallel echogenic lines on the far wall of artery in longitudinal plane image frozen in the screen by electronic calipers [5] . IMT in three defined locations were measured bilaterally: common carotid (20 mm proximal to the bifurcation), carotid bifurcation and internal carotid (10 mm distal to bifurcation). Mean IMT was calculated as the average of the six readings of bilateral carotid arteries. Plaque was defined as localized thickening of IMT ≥ 1.3 mm which did not uniformly involve the whole wall of carotid artery [6] [7] . Classification of ultrasound plaque appearance was performed independently from the videotape by 1 single operator blinded to all other data. 3 categories were classified as 1) no plaques; 2) hyperechoic plaques; 3) hypoechoic plaques. The carotid stenosis measurements were performed according to internationally recognized guidelines [8] . A blood flow velocity > 1.2 m/s was used to define a stenosis with >30% lumen diameter reduction [9] . Quality controls were made by repeated scans on several randomly selected participants who were examined twice by two sonographers. The coefficient of variance (CV) of the mean IMT was 10.3%. The interobserver difference was 0.08 ± 0.08 and the correlation of two readings was 0.661 (P < 0.01). The agreement of plaque occurrence was 88.1% and the kappa value was 0.738 (P < 0.01).
Statistical Methods
Analysis of normality of the continuous variables was performed with the Kolmogorov-Smirnov test. Results for continuous variables normally distributed were expressed as mean value ± standard deviation (SD). Dichotomized or categorized variables were described as numbers and proportions. In univariate analysis, continuous variables normally distributed were compared by student's t test. Dichotomized or categorized variables were compared by Chi-square tests. All statistic analysis was calculated with SPSS 13.0 software system (SPSS Inc., Chicago, IL, USA). A two-sided P-value of less than 0.05 was considered as statistically significant. Figure 1 shows that IMT mean in the non-stenosis group (0%), <30% group and ≥30% group were 0.72 ± 0.11 mm, 0.85 ± 0.13 mm, 0.90 ± 0.17 mm respectively. IMT mean of the <30% group and ≥30% group were higher than that of 0% group (P < 0.01), ≥30% group was higher than <30% group (P < 0.01). Figure 2 shows IMT mean in the no-plaque group, hyperechoic group and hypoechoic group were 0.75 ± 0.13 mm, 0.87 ± 0.17 mm, 0.84 ± 0.15 mm respectively. IMT mean of the hyperechoic group and the hypoechoic group were higher than that of the no-plaque group (P < 0.01), IMT mean of the hypoechoic group was lower than that of the hyperechoic group, though with no statistic significance (P = 0.58). Figure 3 shows The proportion of hyperechoic or hypoechoic plaque in the <30% group was higher than that in the non-stenosis group (P < 0.01), as well as proportion of hypoechoic plaque in the ≥30% group was higher than that in the <30% group (P < 0.01).
Results
IMT Comparison between Groups Stratified by Stenosis Severity
IMT Comparison between Groups Stratified by Plaque Echogenicity
Plaque Characteristic Comparison between Groups Stratified by Stenosis Severity
Discussion
In this community-base and large sample study, we measured concurrently 3 different ultrasound-derived quantitative traits, namely, IMT, carotid plaque echogenicity and carotid stenosis in the community population of southern China and compare the association between these characteristics. CAA is one of the risk factors of cerebral infarction [10] . Epidemiologic estimates of first-time ischemic stroke attributable to CAA vary, but range from roughly 7% to 18% of all incident stroke [11] [12] . Carotid ultrasound examination is of great value since it is noninvasive, and can reflect the degree of CAA stenosis, plaque characteristics and IMT. On the basis of CAA, the carotid stenosis decreased distal blood flow and formation of thrombosis which is an important mechanism of cerebral infarction [13] [14] . Hypoechoic plaques are mainly composed by the deposition of cholesterol, necrosis tissue and plaque bleeding, a type of plaque with instability [15] . IMT is a main indicator of the early lesions of the arterial wall [16] , and is also a risk factor for future cerebral vascular events [17] . Although previous study has reported a significant correlation between IMT and plaque formation rate [18] , however, study on the correlation between the degree of CAA stenosis, the echogenicity of the plaque and the IMT is rare. In the present study, we found that relationship between the degree of stenosis, the nature of the plaques and the the IMT were all correlated. With the increased degree of stenosis, IMT increased. IMT mean of the <30% group and ≥30% group were higher than that of 0% group, ≥30% group was higher than <30% group. On the formation of plaque, with the degree of stenosis aggravated, plaque or hypoechogenic plaque rate increased. However, the relation between plaque and IMT was different, although IMT in the hyperechoic plaque group was larger than that in no-plaque group, the difference in IMT between hypoechoic plaque and hyperechoic plaque groups has no statistical difference. Indeed, IMT in the hyporechoic plaque group was even smaller than that in hyperechoic plaque group. The cause of this phenomenon may be attributed to the different age distribution and was consistent with the research results of Joakimsen [19] and Zureik [20] . They explained the phenomenon due to the short life in patients with unstable plaque. On the relationship between the degree of carotid stenosis and stroke, previous studies have focused more on severe carotid stenosis. Marquardt [21] proposed that the risk of stroke is small when asymptomatic patients with carotid stenosis more than 50% were on the premise of medical treatment. North american symptomatic carotid endarterectomy trial, european carotid surgery test and asymptomatic carotid atherosclerosis study have concluded that the severe carotid stenosis (60% with symptoms or, higher than 70% without symptoms) patients, should be implemented with carotid endarterectomy or interventional therapy, in order to reduce the risk of ischemic stroke [22] - [24] . Our study indicated that, in the early stage prior to severe stenosis, the CAA stenosis, plaque formation and collapse are already a progressing process, and this process increases the risk of stroke. In Rothwell's study [25] , angiographic plaque surface irregularity is associated with an increased risk of ipsilateral ischemic stroke on medical treatment at all degrees of stenosis. The increase in stroke risk with degree of stenosis is partly accounted for by the parallel increase in plaque surface irregularity and thrombus formation, but the degree of narrowing of the vessel lumen is still an independent predictor of ischemic stroke within 2 years of presentation. Therefore, our study indicated that in patients with mild-to-moderate carotid who are asymptomatic, medical treatment especially stabilizing the plaques is necessary.
Conclusion
In summary, there is a definite correlation between stenosis severity, plaque echogenicity and IMT in evaluation the extent of CAA with ultrasound. The result suggests that the 3 different ultrasound-derived quantitative traits are a progressing process, and this process increases the risk of stroke, thus medical treatment especially stabilizing the plaques is necessary.
